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(57) ABSTRACT 

A coupling circuit for coupling a data signal from a first 
clock domain defined by a first clock signal to a second 
clock domain defined by a second clock signal. A phase 
comparator determines whether the first clock signal leads 
the second clock signal. If so, the data signal is clocked firom 
the first clock domain at a time after a start signal that is later 
than if the clock signal does not lead the second clock signal. 
Alternatively, if the first clock signal leads the second clock 
signal, the data signal may be clocked to the second clock 
domain at a time after a start signal that is earlier than if the 
clock signal does not lead the second clock signal. 
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METHOD AND APPARATUS FOR 
COUPLING SIGNALS ACROSS DIFFERENT 
CLOCK DOMAINS, AND MEMORY DEVICE 
AND COMPUTER SYSTEM USING SAME 

TECHNICAL FIELD 

This invention relates to coupling signals from one elec- 
tronic device or circuit to another, and more particularly to 
coupling signals between electronic devices or circuits hav- 
ing different clock domains defined by respective clocks that 
may differ in phase from each other. 

BACKGROUND OF THE INVENTION 

Many electronic devices operate in a synchronous manner 
in which the timing of signals in the device are controlled by 
a clock signal. The transitions of the clock signal occur at 
substantially the same time throughout the circuit, thereby 
ensuring that signals coupled or created responsive to the 
transitions of the clock signal are properly synchronized to 
each other. 

Although synchronism between signals can be maintained 
when the same clock signal, or clock signals derived from 
the same clock signal, are used throughout a circuit. It is 
substantially more difficult to properly synchronize signals 
coupled from one electronic device to another when the 
electronic devices operate in different clock domains defined 
by respective clock signals having phases that may differ 
from each other in some unpredictable or uncontrolled 
manner. 

One example of an electronic device in which signals 
must be coupled between circuits operating in different 
clock domains is a packetized dynamic random access 
memory ("DRAM"), using Synchronous Link DRAM 
("SLDRAM") architecture. An example of a SLDRAM is 
shown in FIG. 1. With reference to FIG. 1, the SLDRAM 16 
includes a clock generator circuit 40 that receives a com- 
mand clock signal CMDCLK and generates an internal 
clock signal ICLK, a data clock signal DCLK, a write clock 
signal WCLK, and a large number of other clock and timing 
signals to control the timing of various operations in the 
SLDRAM 16. The SLDRAM 16 also includes a command 
buffer 46 and an address capture circuit 48, which receive 
the internal clock signal ICLK, a command packet 
CA0-CA9 on a 10-bit command bus 50, and a FLAG signal 
on line 52. A memory controller (not shown) or other device 
normally transmits the command packet CA0-CA9 to the 
SLDRAM 16 in synchronism with the command clock 
signal CMDCLK The command packet, which generally 
includes four 10-bit packet words, contains control and 
address information for each memory transfer. The FLAG 
signal identifies the start of a command packet, and it also 
signals the start of an initialization sequence. The command 
buffer 46 receives the command packet from the bus 50, and 
compares at least a portion of the command packet to 
identifying data from an ID register 56 to determine if the 
command packet is directed to the SLDRAM 16 or another 
SLDRAM 16. If the command buffer 46 determines that the 
command packet is directed to the SLDRAM 16, it then 
provides the command words to a command decoder and 
sequencer 60. The command decoder and sequencer 60 
generates a large number of internal control signals to 
control the operation of the SLDRAM 16 during a memory 
transfer. 

The phase of the ICLK signal relative to the CMDCLK 
signal is determined during an initialization procedure. As 
described more fully in U.S. patent application Ser. No. 
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08/890,055 to Baker et al, which is incorporated herein by 
reference, a memory controller (not shown) repeatedly 
applies packet words to the SLDRAM 16. The memory 
device attempts to capture these packet words in the com- 
5 mand buffer 46 using a variety of different phases of the 
ICLK signal relative to the phase of the CMDCLK signal 
received from the memory controller. The memory device 
then determines which phase of the ICLK signal was best 
able to capture the packet words, and uses this phase during 
normal operation of the SLDRAM 16. 

The address capture circuit 48 also receives the command 
words from the command bus 50 and outputs a 20-bit 
address corresponding to the address information in the 
command packet. The address is provided to an address 
sequencer 64, which generates a corresponding 3-bit bank 

15 address on bus 66, a 10-bit row address on bus 68, and a 
7-bit column address on bus 70. The column address and 
row address are processed by column and row address paths 
73, 75 as will be described below. 
One of the problems of conventional DRAMs is their 

20 relatively low speed resulting from the time required to 
precharge and equilibrate circuitry in the DRAM array. The 
SLDRAM 16 shown in FIG. 1 largely avoids this problem 
by using a plurality of memory banks 80, in this case eight 
memory banks SOa-h. After a read from one bank &0a, the 

25 bank 80a can be precharged while the remaining banks 
S0th-h are being accessed. Each of the memory banks 80a-h 
receives a row address from a respective row latch/decoder/ 
driver 82a-h. All of the row latch/decoder/drivers Xla-h 
receive the same row address from a predecoder 84 which, 

30 in rum, receives a row address from either a row address 
register 86, redundant row circuit 87, or a refresh counter 88 
as determined by a multiplexer 90. However, only one of the 
row latch/decoder/drivers 82a— /i is active at any one time as 
determined by bank control logic 94 as a function of a bank 

35 address from a bank address register 96. 

The column address on bus 70 is applied to a column 
latch/decoder 100, which supplies I/O gating signals to an 
I/O gating circuit 102. The I/O gating circuit 102 interfaces 
with columns of the memory banks S0a-h through sense 

40 amplifiers 104. Data is coupled to or from the memory banks 
HOa-h through the sense amplifiers 104 and I/O gating 
circuit 102 and a data path subsystem 108, which includes 
a read data path 110 and a write data path 112. The read data 
path 110 includes a read latch 120 that stores data from the 

45 I/O gating circuit 102. In the SLDRAM 16 shown in FIG. 1, 
64 bits of data are stored in the read latch 120. The read latch 
then provides four 16-bit data words to an output multi- 
plexer 122 that sequentially supplies each of the 16-bit data 
words to a read FIFO buffer 124. Successive 16-bit data 

so words are clocked into the read FIFO buffer 124 by the data 
clock signal DCLK generated by the clock generator circuit 
40. As explained below, the DCLK signal is also coupled to 
the memory controller or other device that receives the data 
read from the SLDRAM 16. 

55 The phase of the DCLK signal relative to the CMDCLK 
signal, like the phase of the ICLK signal, is determined 
during the initialization procedure. The memory controller 
(not shown) determines which phase of the DCLK signal 
will cause the DCLK signal as received by the memory 

60 controller to be in phase with the CMDCLK signal that the 
memory controller applies to the SLDRAM 16. The memory 
controller then applies a packet to the SLDRAM 16 that 
causes the clock generator 40 to use the selected phase of the 
DCLK signal during normal operation of the memory 

65 device. As a result, the memory controller can operate in a 
single clock domain regardless of which of several memory 
devices it is accessing. 
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The read FIFO buffer 124 operates in a clock domain procedure is similar to the initialization procedure described 

corresponding to the DCLK signal. On the other hand, the above for selecting the phase of the ICLK signal, 

command buffer 46, the command decoder and sequencer [□ operation, the input registers 142 sequentially store 

60, and the memory arrays SOa-h operate in a clock domain f our 16 . bit data words ^ combine them into one 64-bit 

corresponding to the ICLK signal. The phase of the DCLK 5 d at a word applied to a write FIFO buffer 148. The write data 

signal relative to the phase of the ICLK signal selected are docked into the write FIFO buffer 148 by a clock signal 

during the initialization procedure will vary in an unpredict- generated from the DCLK signal by the clock generator 144. 

able and uncontrollable manner since they will depend upon The input registers 142 and the input portion of the write 

such factors as signal path lengths and the operating speed pipo buffer 148 operate in the clock domain of the DCLK 

of various circuits in the SLDRAM 16 and the memory 10 s i gna i generated by the memory controller or other device, 

controller. As a result, the read FIFO buffer 124 operates in ] t should be noted that the write DCLK signal and the read 

a clock domain that is different from the clock domain in DCLK signal are generated by different devices; the write 

which the command buffer 46, the command decoder and DCLK signal is generated by the memory controller while 

sequencer 60, and the memory arrays 80a-h operate. me read DCLK signal fe generated by the clock generator 

After each 16-bit word is clock into the read FIFO buffer 15 40. As a result, the DCLK signal generated during a write 

124, it is clocked out of the read FIFO buffer 124 by a RCLK operation establishes a clock domain that is different from 

clock signal obtained by coupling the DCLK signal through the clock domain established by the DCLK signal generated 

a programmable delay circuit 126. The programmable delay during a read operation. 

circuit 126 is also programmed during initialization of the The data stored in the write FIFO buffer 148 are clocked 

memory device. In particular, the memory controller (not 20 into a write latch and driver 150 by a write clock WCLK 

shown) programs the delay so that the data read from the s j gna i to sequentially apply 64-bit write data to a write latch 

SLDRAM 16 is received by the memory controller or other and driver 150 . The write latch and driver 150 applies the 

device with a phase at which the DCLK signal is best able 64-bit write data to one of the memory banks 80a~h through 

to capture the read data at the memory controller. The me I/O gating circuit 102 and the sense amplifiers 104. The 

procedure used is similar to the procedure described above 25 WCLK signal ^ generated by the clock generator 40 to 

for determining the phase of ICLK except that the determi- correspond to the timing at which the memory arrays Stoa-h 

nation of the optimum phase of RCLK is determined by the are ablc to receive the write data. The WCLK signal is thus 

memory controller rather than by the SLDRAM 16. ^ the clock domain of the ICLK signal, which is used to 

The read FIFO buffer 124 sequentially applies the 16-bit time the control signals generated by the command decoder 

words to a driver circuit 128 which, in turn, applies the 30 and sequencer 60, as explained above. Thus, the write to data 

16-bit data words to a data bus 130 forming part of the coupled through the write FIFO buffer 148 must also be 

processor bus 14. The driver circuit 128 also applies the data coupled across two clock domains, namely the clock domain 

clock signal DCLK to a clock line 132 so that the memory of the clock signal from the clock generator 144 and the 

controller (not shown) processor or other device reading clock domain of the ICLK signal. 

data on the data bus 130 can be synchronized with the data. 35 The structure and operation of the SLDRAM 16 shown in 

The phase of the RCLK signal relative to the phase of the FIG. 1 is shown and explained in greater detail in U.S. patent 

DCLK signal selected during the initialization procedure application Ser. No. 08/994,461 to Manning, which is incor- 

will also vary in an unpredictable and uncontrollable manner porated herein by reference. As explained therein, one of the 

for the same reasons that the phase of the DCLK signal ^ control signals generated in the clock domain of the ICLK 

relative to the phase of the ICLK signal varies in an signal is a STARTDCLK* signal that initiates the transfer of 

unpredictable and uncontrollable manner. As explained data to and from the SLDRAM 16. As explained further 

above, the data are clocked into the read FIFO buffer 124 by below, the read FIFO buffer 124 and the write FIFO buffer 

the DCLK signal, and a portion the circuitry (not shown) in 148 respond to the STARTDCLK* signal to initiate the 

the read FIFO buffer 124 that receives the data from the 4S clock signal that couples data from the data bus 130 to the 

multiplexer thus operates in the clock domain of the DCLK read FIFO buffer 124 and from the write FIFO buffer 148 to 

signal. However, the portion the circuitry (not shown) in the the data bus 130. 

read FIFO buffer 124 that applies the data to the driver The problems encountered in coupling a signal from a 

circuit 128 operates in the clock domain of the RCLK signal. portion of the SLDRAM 16 operating in one clock domain 

As a result, the read FIFO buffer 124 operates in two 5Q to a portion of the SLDRAM 16 operating in a second clock 

different clock domains, namely the clock domain of the domain can be explained with reference to FIG. 2. The 

DCLK signal and the clock domain of the RCLK signal. problem is initially explained with reference to crossing 

The write data path 112 includes a receiver buffer 140 from the ICLK clock domain to the DCLK clock domain in 

coupled to the data bus 130. The receiver buffer 140 sequen- the read FIFO buffer 124. 

tially applies 16-bit words from the data bus 130 to four 55 As shown in FIG. 2, four sets of data D0-D3 are clocked 

input registers 142, each of which is selectively enabled by out of the latch 120 and coupled through the multiplexer 122 

a signal from a clock generator circuit 144. The clock in synchronism with the ICLK signal. The data are clocked 

generator circuit generates these enable signals responsive to into the read FIFO offer 124 by the DCLK signal, as 

the data clock DCLK, which, for write operations, is applied mentioned above. As shown in the third line of FIG. 2, the 

to the SLDRAM 16 on line 132 from the memory controller 60 DCLK-A signal has a phase that lags the phase of the ICLK 

or other device that applies the write data to the memory signal. The DCLK-A signal is thus able to accurately clock 

device. the data into the read FIFO buffer 124, as shown in the 4 th 

As with the ICLK signal, the clock generator 144 is line of FIG. 2. 

programmed during the initialization procedure so that the The DCLK signal may alternatively have a phase that 

clock signal applied to the input registers 142 has a phase 65 leads the phase of the ICLK signal, as shown by the signal 

relative to the phase of the DCLK signal that is best able to DCLK-B in the 5 th line of FIG. 2. Under these 

clock the write data into the input registers 142, This circumstances, the DCLK-B signal attempts to clock the first 
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set of data DO into the read FIFO buffer 124 at time tg, i.e., FIG. 2 is a timing diagram providing one example of 

before the first set of data DO have been coupled through the problems encountered when coupling signals across two 

multiplexer 122. Furthermore, the DCLK-B signal becomes clock domains in the packeuzed DRAM of FIG. 1 

inactive before the fourth set of data D3 are coupled through f, G . 3 is a timing diagram providing another example of 

the multiplexer 122. Therefore, the DCLK-B signal fails to 5 ^ amc . ^m^JL,* „ ,- * • i „ 

clockmefourthsetofoaUD3mtomereadFlFoWl24. 5 P^J* encoun ^ ed w * ea C °^ D f JT^fr ? 

* • >i . , . . . j . _ . clock domains in the packetized DRAM of FIG. 1. 

Asimilar problem exists in the read FIFO buffer 122 whea . 

crossing from the clock domain established by the DCLK FIG. 4 is a block diagram of a packetized DRAM that 

signal to the clock domain established by the RCLK signal. incorporates a coupling circuit in accordance with an 

As illustrated FIG. 3, the DCLK signal is shown in the first Q embodiment of the invention. 

line of FIG. 3 clocking four sets of data D0-D3 into the read FIG. 5 is a block diagram showing one embodiment of a 

FIFO buffer 124, as shown in the second line of the FIG. 3. coupling circuit used in the packetized DRAM of FIG. 4. 

The second and third lines of Fia 3 show a read clock signal FIG. 6 is a timing diagram illustrating signals present in 

^^^^^n^rvP ^ C signal, clocking the four the coupling circuit of mG. 5. 

sets of data D0-D3 out of the read clock buffer 124. As „ r * 

shown in the second and third lines of FIG. 3, the RCLK 15 mCS 7A ^ 7B arc lo g lc diagrams showing one 

signal is able to properly clock the data D0-D3 out of the embodiment of the coupling circuit of FIG. 5. 

read FIFO buffer 124 when the RCLK signal lags the DCLK FIG. 8 is a block diagram of a computer system using the 

signal. However, when the RCLK signal leads the DCLK memory device of FIG. 4. 

signal, as shown by the RCLK-B signal in the fifth line, the 

data cannot be properly clocked from the read FIFO buffer 20 DETAILED DESCRIPTION OF THE 

124. Specifically, the RCLK-B signal attempts to clock the INVENTION 

first set of data DO out of the buffer 124 before the DCLK A block diagram of an exemplary embodiment of a 

signal has clocked the data DO into the buffer 124. Further, memory device 200 in accordance with the invention is 

since the RCLK-B signal has become inactive by the time illustrated in FIG. 4. Most of the components of the memory 

the fourth set of data D3 are clocked into the buffer 124, the 25 device 200 are the same as the components of the SLDRAM 

fourth set of data D3 are never clocked out of the buffer 124. 16 of mG x Therefore, in the interests of brevity, the 

A similar problem exists in the write FIFO buffer 148 structure and operation of the entire memory device 200 will 

when crossing from the clock domain established by the not be explained. The memory device 200 includes a first 

clock signal from the clock generator 144 to the clock coupling circuit 202 that receives the DCLK signal and 

domain established by the ICLK (WCLK) signal. 30 applies a clock signal DOUT to the CLKIN input of the read 

While the above problems could apparently be solved by FIFO buffer 124. The coupling circuit 202 also receives a 

preestablishing set phase relationships between the ICLK first set of bits DCLKPH indicative of the phase of the 

and the DCLK signals, between the DCLK and RCLK DCLK signal, and a second set of bits ICLKPH indicative of 

signals, and between the ICLK signal and the clock signal the phase of the ICLK signal. 

from the clock generator 144, doing so would preclude the 35 The memory device 200 also includes a similar coupling 
phases of these signals from being properly adjusted during circuit 204 that receives the RCLK signal from the program- 
me aboveKlescribed initialization procedures. ma ble delay circuit 126 and applies a clock signal ROUT to 
There is therefore a need to provide a method and the CLKOUT input of the read FIFO buffer 124. The 
apparatus that is capable of coupling signals between two or ^ coupling circuit 204 also receives sets of data bits DCLKPH 
more clock domains. Although the problem is illustrated and RCLKPH indicative of the phases of the DCLK signal 
with respect to a packetized DRAM like the SLDRAM, the and the RCLK signal, respectively, 
problem may also exist to varying degrees with other types Finally, the memory device 200 also includes another 
of memory devices, such as synchronous DRAMs. coupling circuit 206 that receives the clock signal from the 
SUMMARY OF THE INVENTION 45 cIock generator circuit 144 and applies a clock signal DOUT 

a «L j j r .. j * c.j to the CLKIN input of the write FIFO buffer 148. The 

A method and apparatus for coupling data across first and .,, A r . , . , - , 4 ™ TT 

j 1 1 j • j c ji_ * , coupling circuit 206 also receives sets of data bits DCLKPH 

second clock domains denned by respective first and second /wi£i vnii j- *• c .i_ t_ f A , T . . , 

, , t A . I • • 1 - j- and WCLKPH indicative of the phases of the DCLK signal 

clock signals. A phase comparator receiving signals indica- , 4 , „ . . F . ^ 

f.u u 1 and the WCLK signal, respectively, 

live of the relative phase of the first and second clock signals ^ J 

generates a phase signal indicative of whether or not the first 50 One embodiment of the coupling circuits 202, 204, 206 is 

clock signal leads the second clock signal. The phase signal Abated ™ NG. 5. The coupling circuit shown is the 

is applied to a state machine that also receives either the first f?J p ^f circiut ^ bu * thc remamin g coupling circuits 

or second clock signal and a start signal signifying the start ?° 6 arc «sc*»lly the same. The coupling circuit 202 

of coupling the data between the first and second clock ^ U J^ r a ^F^T' 210 r ^ at reccivcs tbc **ta 

domains. The state machine generates an output clock signal 55 ICLKPH and DCLKPH indicative of the phases of the ICLK 

synchronized to the clock signal received by the state and DCLK signals. The phase comparator 210 compares the 

machine that is adapted to clock the data between the clock P hases ^ lcated b Y ICLKPH and DCLKPH, and generates 

domains. The state machine is responsive to the phase signal a ° active !° w ICLK be£ore / DCLK si § nal ("IB4D-) if the 

to adjust the time period from the start signal to when the P u hase u of me f ^i^l?* 1 (^ ndica * d by ICLKPH) leads 

output clock signal is generated so that the time period is ™ me ^ of the DCLK S1 8 nal <» mdicated b ? DCLKPH). 

longer when the first clock signal leads the second clock ^ IB4D* signal from the phase comparator 210 is 

signal than when the first clock signal does not lead the applied to a state machine 212, which also receives the 

second clock signal. DCLK signal and the STARTDCLK* signal. As explained 

r^^r.,™^r ™ mm ™ above, the STARTDCLK* signal is a control signal in the 

BRIEF DESCRIPTION OF THE DRAWINGS 6S cloclcdomain of te ,cLKsignal, and it signifies the start of 

FIG. 1 is a block diagram of a packetized DRAM that a data transfer to or from the memory array 80. However, the 

contains circuitry operating in multiple clock domains. actual transfer of data to or from the memory array 80 must 
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be synchronized to DCLK or the clock from the clock DCLK signal. Thus, in another embodiment of the coupling 

generator circuit 144, as explained above. circuit used in the SLDRAM 16 of FIG. 4, the comparator 

The function of the state machine 212 is to generate the 210 in me coupling circuit operates in the same manner to 
DOUT signal by coupling the DCLK signal to the output of compare the phase of the ICLK signal, as indicated by 
the state machine 212 after a number of DCLK transitions 5 JS;*™' 10 P hase of me DCLK si g nal > indicated by 

have occurred after the STARTDCLK* signal has transi- DCLKPH. ™ e Cornparator 210 then outputs the IB4D* 

tioned active low. The number of transitions of DCLK that SI ^! of results of the eompanson. Hie state 

occur before the DOUT signal is generated is determined by ™ cmDC 212 °P erates ™ a roanner smnlar r to _ ^t explained 

the logic level of the IB4D* signal. above cxa ** ^ lt adva * ce s citation of the ICLK signal 

«rT r , , \l r _ _ . , . L in by one transitions after the STARTDCLK* transitions active 

With references to FIG. 6, the ICLK signal is shown in the j ow 

first line, and the STARTDCLK signal is shown transition- A * , . t , . A 

, . . . . As mentioned above, the other coupling circuits 204, 206 

ing active low in synchronism with the DCLK signal. • r 4 - „ *i_ 

,?? u ■» n \ , c . .J 6 ^ i operate in essentially the same manner as the coupling 

although it alternatively may be delayed from a transition of • t1ft1 e ■« « *i_ i- . . 

*u n/^V - i r , ii^r^ ft nmi nrprk circuit 202 . Specifically, the coupling circuit 204 generates 

the DCLK signal. Five transitions of ICLK after STARTD- _ i™nrMr>* i f 4 , ^^x. . . 

^ T ° . - , r . , . is an active low DB4R* signal whenever the DCLK signal 

CLK* becomes active, the first of four words of the read data , , nrri , . . .u tv™™* • , . 

* <u .u n- i "i t't u • • • j leads the RCLK signal. When the DB4R* signal is active, 

are output from the multiplexer 122, as shown in the third , u „ . tI _ ~~ T ™ . , , 

r fFTr * the coupling circuit generates the ROUT signal three tran- 

oi riu. o. sitions of RCLK following the STARTDCLK* signal 

One example of a DCLK signal is shown in the fourth line becoming active. If the DB4R* is inactive, the coupling 

of FIG. 6. The DCLK signal is shown lagging the ICLK 2Q circuit generates the ROUT signal four transitions of RCLK 

signal, so the IB4D* signal is active low. On the third following the STARTDCLK* signal becoming active. In this 

transition of DCLK after STARTCLK* becomes active, the manner, the coupling circuit prevents the RCLK signal from 

state machine 212 starts generating the DOUT signal, as attempting to clock each set of data out of the read FIFO 

shown in the sixth line of FIG. 6. The DOUT signal is then register 124 before the same set of data have been clocked 

generated for six transitions of DCLK. The memory device 25 into the read FIFO register by each transition of the DCLK 

is constructed to ignore the first two transitions of the DOUT signal 

S i gD i aI ^ V 6 ?^ first °^ f T™^° f ™? ^ m Similarl y> tbe c * cu * 206 operates in the same 

clocked by the third transition of the DOUT signal as shown manner t0 generale m aclive DB4W * si ^ whenever the 

in the seventh hne of RG. 6. Note that the relationship DCLK signal leads the WCLK signal. When the DB4W* 

between ICLK, DCLK, and the data clock out of the 3Q si j ^ activCj me u drcuit gencrates me D0UT 

multiplexer 122 and into the read FIFO buffer 124 is the si al (notCj mis fa a different D0U Tsignal from the DOUT 

same as that shown in tines 1-4 of FIG. 2 As a result, since si al ated b ^ u ^ 202) three 

the ICLKsignal leads -tte DCLK .signal, the ICLK signal tions of ^ dock si al from ^ dock ^ ^^44 

clocks each set of tbe data from the multiplexer 122 before foUowing me STARTDCLK* signal becoming active. If the 

£ cDC L£^nal^ 35 DB4W* is inactive, the coupling circuit generates the 

the read FIFO buffer 124. However as explained i ibove with DOUT signal four transitions of the clock signal from the 

reference to line U, 5 and 6 of FIG. 2 if the ICLK signal clock generator circuit 144 following the STARTDCLK* 

lags the DCLK signal the DCLK signal attempts to clock signal bQCOming active . In this m the ^ drcuit 

each set of the data from the multiplexer 122 before the prevents me WCLK gi al from attempting to clock each ^ 

I ttK signal clocks the same set of data from the multiplexer ^ of data out of me write ¥lFQ register 14g before the same 

set of data have been clocked into the write FIFO register 

The embodiment of the coupling circuit shown in FIGS. 148 by each transition of the clock signal from the clock 

4 and 5 avoids the problem caused by the ICLK signal generator 144. 

lagging the DCLK signal by delaying the DOUT signal for One embodiment of the coupling circuit 202 is illustrated 

one transition if the IB4D* signal is inactive high. With 45 m piGS. 7A and 7B. With reference to FIG. 7A, the 

continued reference to FIG. 6, the DCLK signal is shown in STARTDCLK* signal is applied to a flip-flop 220 formed by 

line 8 as leading the ICLK signal, which would create the a pair of jsf and gates 222, 224. The flip-flop 220 is initially 

above-described data transfer problem if the coupling circuit reset by a low applied to the NAND gate 224 from the R* 

202 operated in the same manner as described above. inpu*. The active low STARTDCLK* signal sets the flip-flop 

Instead, the coupling circuit 202 delays initiation of the 50 2 20, thereby applying a high to a NAND gate 226. As 

DOUT signal for an additional transition of DCLK after the explained below, the other input of the NAND gate 226 is 

STARTDCLK* signal shown in line 7 transitions active low. initially high. The NAND gate 226 therefore outputs a low 

More specifically, as shown in the ninth line of FIG. 6, the to one input of a NOR gate 228. The other input of the NOR 

DOUT signal becomes active on the fourth transition of gate 228 is initially high, so the NOR gate 228 outputs a high 

DCLK after STARTDCLK* becomes active. In contrast, as 55 to the first in a series of latches 230a-*. All of the latches 

shown in the sixth line of FIG. 6, the DOUT signal becomes 230a-^fe are clocked in common by a clock circuit 232 

active on the third transition of DCLK after STARTDCLK* f ormcd by a N0 R gate 234 a NAND gate 236 and four 

becomes active when IB4D* is active low. As a result, the inverters 238-244. The structure and operation of the clock 

DOUT signal clock each set of data into the read FIFO buffer circuit 232 and the latches 238s-* are described in detail in 

124 only after the same set of data are clock out of the 60 me above-identified Patent Applications * to Manning, 

multiplexer 122, as shown m the tenth line of FIG. 6. Therefore, in the interest of brevity, the structure and opera- 

The embodiment of the coupling circuit explained above tion of tbe clock circuit 232 and latches 230o-k will not be 

with reference to FIG. 5 delays the DOUT signal for one described in detail. Basically, the clock circuit 232 causes 

transition if the ICLK signal lags the DCLK signal. the input to the first latched 230a to be latched and then 

However, the problems caused by the ICLK signal lagging 65 clocked through each of the remaining latches 230b-k on 

the DCLK signal can alternatively be solved by accelerating each transition of the DCLK signal, which is applied to the 

the ICLK signal for one transition if the ICLKsignal lags the clock circuit to 32 along with its quadrature signal DCLK90. 
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Thus, in response to the STARTDCLK* signal, a logic "1" 
is applied to the first latch 230a, and this logic u l" is 
successively advanced through with the remaining latches 
230b-k on each transition of the DCLK signal. 

As mentioned above, the flip-flop 220 is initially reset by 
the active low R* signal. Thus, the NAND gate 226 initially 
outputs a high that causes the NOR gate 228 to apply a logic 
"0" to the latch 230a. The latch 230a thus initially outputs 
a low that enables the NOR gate 228, and the low is also 
coupled through an inverter 250 to enable the NAND gate 
224, as mentioned above. The inverter 250 also applies a low 
to the NAND gate 224 to reset the flip-flop 220 when the 
logic "1" applied to the latch 230a has been shifted to its 
output. Similarly, when the logic "1" has been shifted to the 
output of the latch 230a, it causes the NOR gate 228 to apply 
a logic "0" to the first latch 230a. As a result, only one logic 
"1" signal is shifted through the latches 230a-* responsive 
to the active low STARTDCLK* signal. 

The coupling circuit 202 also includes a bypass circuit 
260 constructed to selectively bypass the second latch 230b. 
The bypass circuit 260 is formed by a pair of pass gates 262, 
264 driven by the phase signal EB4D* directly and through 
an inverter 266. When the phase signal IB4D* is high 
indicative of the ICLK signal lagging the DCLK signal, the 
latch 230c receives its input from the latch 230b through the 
pass gate 264. When the phase signal IB4D* is low indica- 
tive of the ICLK signal leading the DCLK signal, the latch 
230c receives its input from the latch 230a through the pass 
gate 262. Thus, the bypass circuit 260 bypasses the latch 
2306 when the phase signal IB4D* is low. As explained 
below, bypassing the latch 2306 causes the data clock 
DOUT signal to be generated one transition of the DCLK 
signal earlier after the STARTDCLK* signal transitions 
active low. 

The STARTDCLK* signal is also applied to a flip-flop to 
70 formed by a pair of NAND gates 272, 274. The flip-flop 
270 is set responsive to the STARTDCLK* signal transi- 
tioning active low so that the NAND gate 272 outputs a high 
START_PREAMBLE signal. The flip-flop 270 is reset 
responsive to either an active low reset signal R* or a low 
output by a NAND gate 276. The NAND gate 276 outputs 
a low responsive to receiving high signals from a pair of 
NOR gates 278, 280 and the output of the final latch 230*. 
The NOR gates 278, 280 collectively decode logic "0" 
outputs from all of the latches 230a-k. Thus, the active high 
START_PREAMBLE signal is generated responsive to the 
active low STARTDCLK* signal and it terminates after the 
logic "1" has been shifted through all of the latches 23&a-k. 

The output of the latch 230d is applied to a clock circuit 
280 that also receives the output of the NAND gate 274 in 
the flip-flop 270. The clock circuit 280 is formed by a pair 
of NOR gates 282, 284. The NOR gate 282 receives the 
quadrature DCLK90 signal through an inverter 286 and the 
DCLK signal coupled through a pass gate 288 and a delay 
circuit 290. The NOR gate 284 receives the DCLK90 signal 
and the complement of the DCLK signal through an inverter 
290, and a delay circuit 292. The clock circuit 288 also 
includes a pair of NAND gates 296, 298 that drive a NAND 
gate 300. The is NAND gates 296, 298 are enabled when the 
logic "1" input to the latch 230a has been shifted to the 
output of the latch 230o\ The NAND gate 300 then outputs 
a high to set a flip-flop 302 formed by a pair of NOR gates 
304, 306. Thus, on the second or third transition of the 
DCLK signal (depending upon whether the latch 230b is 
bypassed), an active low EN_DCLK* signal is generated. 
When the logic "1" applied to the latch 230a has been 
shifted through all of the latches 230a-* to reset the flip-flop 
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270, the flip-flop 302 is also reset, thereby driving the 
EN_DCLK* signal inactive high. 

With reference to FIG. 7B, the START—PREAMBLE 
signal is applied to a latch than 310 that is clocked on the 
5 first subsequent transition of the DCLK signal. The output of 
the latch 310 is applied to a pass gate 312. The conductive 
state of the pass gate 312 is controlled by a tristate signal 
TSTATE, which is high initially when the DCLK output 
terminal of the memory device is in a tristate condition, as 
10 explained further below. 

The high TSTATE signal is coupled through an inverter 
314, an enabled NOR gate 316, an inverter 318, and a NOR 
gate 320. When the TSTATE signal is high and the IB4D* 
signal is active low, the output of the NOR gate 320 will be 
15 high, thereby enabling the pass gate 312. Thus, when the 
START_PREAMBLE signal goes high, it causes an inverter 
322 to transition the TSTATE signal low. The TSTATE 
signal is applied to an output latch 326 of conventional 
design. The DCLKPUP and DCLKPDN* signals at the 
2 q output of the latch 326 are coupled to respective and NMOS 
transistors 330, 332 that generate the data out signal DOUT 
at their common node. When the TSTATE input to the Latch 
326 is high, the output latch 326 drives both of its outputs 
low, thereby turning OFF both NMOS transistors 330, 332 
25 to place the DOUT output at a high impedance. 

If the EB4D* signal is inactive high, the pass gate 312 is 
disabled so that it does not drive TSTATE low on the first 
transition of the DCLK signal after the START_ 
PREAMBLE signal goes high. Instead, if the IB4D* signal 
30 is inactive high, the high-to-low transition of the TSTATE 
signal is delayed for an additional transition of the DCLK 
signal for reasons that will now be explained. The output of 
the latch 310, which transitions low on the transition of 
DCLK following the START_PREAMBLE signal going 
35 high, is also applied to a latch 340. On the next transition of 
DCLK, the high at the output of the latch 310 is clocked to 
the output of the latch 340 and applied to a pass gate 342. 
Since the IB4D* signal is inactive high, a NOR gate 344 to 
which the IB4D* signal is applied outputs a low that is 
40 applied to the pass gate 342 directly and through an inverter 
346. The pass gate 342 then couples the output of the latch 
340 to the inverter 322. Thus, the TSTATE signal goes 
inactive low on the first transition of DCLK after the 
START_PREAMBLE signal goes high if the IB4D* signal 
45 is low, and on the second transition of DCLK after the 
START_PREAMBLE signal goes high if the IB4D* signal 
is high. 

In either case, the low TSTATE signal enables the output 
latch 326 so that it drives the transistors 330, 332 in 

50 accordance with the logic level of a signal clocked into the 
latch 326 from the D input. The output latch 326 is clocked 
by clocking signals from a clocking circuit 350 that is 
identical in structure and operation to the clocking circuit 
232 of FIG. 7A. Thus, when the TSTATE signal is inactive 

55 low, the DOUT signal corresponds to the logic level applied 
to the D input at each transition of the DCLK signal. 

The D input of the output latch 326 is coupled to the input 
of a latch 360, which is also clocked by the clocking circuit 
350. The input of the latch is initially held low by an NMOS 

60 transistor 352, which is turned ON by the EN_DCLK* 
signal being inactive high. The output of the latch 360, 
which is fed back to the D input of the latch 360 through a 
tristate inverter 354, is thus initially low. However, since the 
controls inputs of the tristate inverter 354 receive the 

65 EN_DCLK* signal directly and through an inverter 356, the 
inverter 354 is inactive when the EN DCLK signal is 
inactive high. 
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When the EN_DCLK* signal transitions active low, it 402. The output devices 420 are coupled to the processor 
turns OFF the NMOS transistor 352 and enables the tristate 402 through the expansion bus 414, bus bridge 412 and 
inverter 354. As a result, the low at the output of the latch processor bus 404. Examples of output devices 420 include 
360 causes the inverter 354 to apply a high to the input of printers and video display units. One or more data storage 

the latch 360 as well as the input to the output latch 326. On 5 devices 422 are coupled to the processor 402 through the 

the next transition of the DCLK signal, the output latch 326 processor bus 404, bus bridge 412, and expansion bus 414 

drives the DCLKPUP signal high to turn ON the NMOS to store data in or retrieve data from storage media (not 

transistor 330 and the DCLKPDN signal low to turn OFF the shown). Examples of storage devices 422 and storage media 

transistor 332. The same transition of the DCLK signal that include fixed disk drives floppy disk drives, tape cassettes 

caused DOUT to go high, clocks the high at the input of the and compact-disk read-only memory drives, 

latch 360 to the output of the latch 360, thereby causing the In operation, the processor 402 communicates with the 

inverter 354 to apply a low to the input of the output latch memory devices 200a-c via the memory controller 405. The 

326. On the next transition of the DCLK signal, the low is memory controller 405 sends the memory devices 200a-c 

clocked into the latch 326, thereby causing DOUT to go low. command packets that contain both control and address 

In this manner, the latch 360 continues to toggle, and the 5 information. Data is coupled between the processor 402 and 

DOUT signal changes accordingly, until the EN__DCLK the memory devices 200a-c, through the memory controller 

signal transitions inactive high. The high EN_DCLK signal 405 and a data bus portion of the processor bus 404. The 

then turns ON the NMOS transistor 352 to hold the D input memory controller 405 applies write data from the processor 

to the output latch 326 low. 402 to the memory devices 200o-c, and it applies read data 

When the TSTATE signal transitions low responsive to 20 from the memory devices 200a^c to the processor 402. In 

the START_PREAMBLE signal, it turns ON a pass gate reading data from the memory devices 200o-c, the memory 

336 thereby coupling the high START_PREAMBLE signal controller 405 also provides the memory devices 200a-c 

to the inverter 322. The low TSTATE signal is thus gener- with timing information to adjust the timing of the read 

ated until the START^REAMBLE signal transitions low, clock signal RCLIC Although all the memory devices 

as explained above with reference to FIG. 7A. When the ^ 200a-c are coupled to the memory controller 405, only one 

START_PREAMBLE signal transitions low, it is coupled memory device 200a-c at a time reads or writes data, thus 

through the pass gate 336 to immediately drive the TSTATE avoiding bus contention. Bus contention is avoided by each 

signal high. Thus, by coupling the START _PREAMBLE to of the memory devices 200o-c and the bus bridge 412 

the inverter 322 through a pass gate 336 that is enable only having a unique identifier, and the command packet contains 

when TSTATE is low, the inactive low TSTATE signal can 30 an identifying code that selects only one of these compo- 

be generated after an adjustable number of DCLK transi- nents. 

tions have occurred following the START_PREAMBLE The computer system 400 also includes a number of other 

signal going high, and the active high TSTATE signal can be components and signal lines which have been omitted from 

generated as soon as the START_PREAMBLE signal goes FIG. 8 in the interests of brevity. For example, as explained 

low. 35 above, the memory devices 200a-c also receive a command 

Summarizing the operation of the coupling circuit 202, clock signal to provide internal timing signals, and a data 

the START_PREAMBLE signal is generated as soon as the clock signal clocking data into the memory device 200. 

STARTDCLK* signal goes active low. The START_ From the foregoing it will be appreciated that, although 

PREAMBLE signal, in turn, causes TSTATE to go inactive specific embodiments of the invention have been described 

low after one or two transitions of DCLK, depending on 40 herein for purposes of illustration, various modifications 

whether the IB4D* signal is high or low. The TSTATE signal may be made without deviating from the spirit and scope of 

switches the transistors 330, 332 out of a high impedance the invention. Accordingly, the invention is not limited 

condition. Thereafter, following a number of DCLK transi- except as by the appended claims, 

tions depending upon the state of the IB4D* signal, the What is claimed is: 

EN_DCLK signal goes active low to allow the DOUT 45 1. A system for coupling data from a first circuit operating 

signal to toggle responsive to each transition of DCLK After in one clock domain defined by a first clock signal to a 

the proper number of DCLK transitions have occurred, the second circuit operating in a second clock domain defined 

flip-flop 270 is reset, thereby driving the START_ by a second clock signal, the system comprising: 

PREAMBLE signal inactive low and resetting the flip-flop a phase comparator receiving signals indicative of a 

302 to drive the EN_DCLK* signal inactive high. The low 50 relative phase of the first and second clock signals, the 

START_PREAMBLE signal then returns the transistors phase comparator generating a phase signal indicative 

330, 332 to a high impedance state. 0 f whether or not the first clock signal leads the second 

The memory device 200 can be used in a computer clock signal; and 

system, as shown in FIG. 8. With reference to FIG. 8, the a state machine receiving the first clock signal and a start 

computer system 400 includes a processor 402 having a 55 signal signifying the start of coupling the data from the 

processor bus 404 coupled through a memory controller 405 first circuit to the second circuit, the state machine 

to three memory devices which may be packetized dynamic generating an output clock signal synchronized to the 

random access memory or SLDRAM 200a-c. first clock signal to clock the data out of the first circuit, 

The computer system 400 also includes one or more input the state machine being responsive to the phase signal 
devices 410, such as a keypad or a mouse, coupled to the 60 to adjust a time period from the start signal to when the 
processor 402 through a bus bridge 412 and an expansion output clock signal is generated so that the time period 
bus 414, such as an industry standard architecture ("ISA") is longer when the first clock signal leads the second 
bus or a Peripheral component interconnect ("PCI") bus. clock signal than when the first clock signal does not 
The input devices 410 allow an operator or an electronic lead the second clock signal, the state machine corn- 
device to input data to the computer system 400. One or 65 prising: 

more output devices 420 are coupled to the processor 402 to a series of sequentially coupled latches that are clocked 

display or otherwise output data generated by the processor by the first clock signal, a first latch in the series 
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being coupled to receive the start signal, and a final 
latch in the series outputting an enable signal respon- 
sive to the start signal being clocked through the 
series of latches; 

a bypass circuit coupled to receive the phase signal, the 
bypass circuit being coupled between an input ter- 
minal and an output terminal of one of the latches, 
the bypass circuit bypassing the latch responsive to 
an absence of a phase signal indicative of the first 
clock signal leading the second clock signal; and 

a logic circuit coupled to receive the first clock signal 
and the enable signal, the logic circuit having an 
output terminal on which the output clock signal is 
generated, the enable signal causing the logic circuit 
to couple the first clock signal to the output terminal 
so that the output clock signal is generated respon- 
sive to the enable signal. 

2. The system of claim 1 further comprising a flip-flop 
having a set input terminal coupled to receiving the start 
signal and a reset input terminal coupled to receive a signal 
from an output terminal of one of the latches, an output 
terminal of the flip-flop being applied to the input of the first 
latch of the series. 

3. The system of claim 1 wherein the logic circuit 
comprises: 

a synchronizing circuit coupled to receive the first clock 
signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
first clock signal subsequent to receiving a signal from 
the latch to which the synchronizing circuit is coupled 
responsive to the start signal being clocked to the latch 
through the series of latches; and 

a toggle circuit coupled to receive the first clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
first clock signal, the output clock signal being gener- 
ated at an output terminal of the toggle circuit. 

4. The system of claim 3 wherein the logic circuit further 
comprises an output latch coupled to receive the first clock 
signal and the output clock signal from the toggle circuit, the 
output latch being operative to latch the output clock signal 
on the output terminal of the toggle circuit responsive to 
each transition of the first clock signal 

5. The system of claim 1 wherein the logic circuit further 
comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the output clock signal, and a tristate 
input terminal adapted to receive a tristate control 
signal, the output circuit being operative to place the 
output terminal at a high impedance responsive to the 
tristate control signal and to otherwise couple the signal 
input terminal to the output terminal; and 

a flip-flop having a set input terminal coupled to receive 
the start signal and a reset input tenninal coupled to a 
respective output terminal of at least one of the latches 
in the series, the flip-flop generating the tristate control 
signal when the flip-flop is reset. 

6. A system for coupling data from a first circuit operating 
in one clock domain defined by a first clock signal to a 
second circuit operating in a second clock domain defined 
by a second clock signal, the system comprising: 

a phase comparator receiving signals indicative of a 
relative phase of the first and second clock signals, the 
phase comparator generating a phase signal indicative 
of whether or not the first clock signal leads the second 
clock signal; and 
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a state machine receiving the second clock signal and a 
start signal signifying the start of coupling the data 
from the first circuit to the second circuit, the state 
machine generating an output clock signal synchro- 
nized to the second clock signal to clock the data into 
the second circuit, the state machine being responsive 
to the phase signal to adjust a time period from the start 
signal to when the output clock signal is generated so 
that the time period is shorter when the first clock signal 
leads the second clock signal than when the first clock 
signal does not lead the second clock signal, wherein 
the state machine comprises: 

a series of sequentially coupled latches that are clocked 
by the first clock signal, a first latch in the series 
being coupled to receive the start signal, and a final 
latch in the series outputting an enable signal respon- 
sive to the start signal being clocked through the 
series of latches; 

a bypass circuit coupled to receive the phase signal, the 
bypass circuit being coupled between an input ter- 
minal and an output terminal of one of the latches, 
the bypass circuit bypassing the latch responsive to 
an absence of a phase signal indicative of the first 
clock signal leading the second clock signal; and 

a logic circuit coupled to receive the first clock signal 
and the enable signal, the logic circuit having an 
output tenninal on which the output clock signal is 
generated, the enable signal causing the logic circuit 
to couple the first clock signal to the output terminal 
so that the output clock signal is generated respon- 
sive to the enable signal. 

7. The system of claim 6 further comprising a flip-flop 
having a set input terminal coupled to receiving the start 
signal and a reset input tenninal coupled to receive a signal 
from an output terminal of one of the latches, an output 
terminal of the flip-flop being applied to the input of the first 
latch of the series. 

8. The system of claim 6 wherein the logic circuit 
comprises: 

a synchronizing circuit coupled to receive the first clock 
signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
first clock signal subsequent to receiving a signal from 
the latch to which the synchronizing circuit is coupled 
responsive to the start signal being clocked to the latch 
through the series of latches; and 

a toggle circuit coupled to receive the first clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
first clock signal, the output clock signal being gener- 
ated at an output terminal of the toggle circuit. 

9. The system of claim 8 wherein the logic circuit further 
comprises an output latch coupled to receive the first clock 
signal and the output clock signal from the toggle circuit, the 
output latch being operative to latch the output clock signal 
on the output terminal of the toggle circuit responsive to 
each transition of the first clock signal. 

10. The system of claim 6 wherein the logic circuit further 
comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the output clock signal, and a tristate 
input terminal receiving a tristate control signal, the 
output circuit being operative to place the output ter- 
minal at a high impedance responsive to the tristate 
control signal and to otherwise couple the signal input 
terminal to the output terminal; and 
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a flip-flop having a set input terminal coupled to receive 
the start signal and a reset input terminal coupled to a 
respective output terminal of at least one of the latches 
in the series, the flip-flop generating the tristate control 
signal when the flip-flop is reset. 5 
U. A system for coupling data through a circuit, the data 
being clocked into the circuit subsequent to a start signal 
responsive to a first clock signal in a first clock domain, and 
the data being clocked out of the circuit subsequent to the 
start signal responsive to a second clock signal in a second 1Q 
clock domain that may be different from the first clock 
domain, the system comprising: 

a phase comparator receiving signals indicative of a 
relative phase of the first and second clock domains, the 
phase comparator generating a phase signal indicative 15 
of whether or not the first clock domain leads the 
second clock domain; and 
a state machine receiving the start signal and a clock 
signal in the second clock domain, the state machine 
generating the second clock signal at a time subsequent 2 o 
to the start signal so that the second clock signal is 
generated sooner when the first clock domain leads the 
second clock domain than when the first clock domain 
does not lead the second clock domain, wherein the 
state machine comprises: 25 
a series of sequentially coupled latches that are clocked 
by the first clock signal, the first latch in the series 
being coupled to receive the start signal, and the final 
latch in the series outputting an enable signal respon- 
sive to the start signal being clocked through the 30 
series of latches; 
a bypass circuit coupled to receive the phase signal, the 
bypass circuit being coupled between an input ter- 
minal and an output terminal of one of the latches, 
the bypass circuit bypassing the latch responsive to 35 
the absence of a phase signal indicative of the first 
clock signal leading the second clock signal; and 
a logic circuit coupled to receive the first clock signal 
and the enable signal, the logic circuit having an 
output terminal on which the output clock signal is 40 
generated, the enable signal causing the logic circuit 
to couple the first clock signal to the output terminal 
so that the output clock signal is generated respon- 
sive to the enable signal. 

12. The system of claim 11 further comprising a flip-flop 4S 
having a set input terminal coupled to receiving the start 
signal and a reset input terminal coupled to receive a signal 
from an output terminal of one of the latches, an output 
terminal of the flip-flop being applied to the input of the first 
latch of the series. 50 

13. The system of claim 11 wherein the logic circuit 
comprises: 

a synchronizing circuit coupled to receive the first clock 
signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 55 
generate an enable clock signal on a transition of the 
first clock signal subsequent to receiving a signal from 
the latch to which the synchronizing circuit is coupled 
responsive to the start signal being clocked to the latch 
through the series of latches; and 60 

a toggle circuit coupled to receive the first clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
first clock signal, the output clock signal being gener- 
ated at an output terminal of the toggle circuit. 65 

14. The system of claim 13 wherein the logic circuit 
further comprises an output latch coupled to receive the first 



clock signal and the output clock signal from the toggle 
circuit, the output latch being operative to latch the output 
clock signal on the output terminal of the toggle circuit 
responsive to each transition of the first clock signal. 

15. The system of claim 13 wherein the logic circuit 
further comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the output clock signal, and a tristate 
input terminal adapted to receive a tristate control 
signal, the output circuit being operative to place the 
output terminal at a high impedance responsive to the 
tristate control signal and to otherwise couple the signal 
input terminal to the output terminal; and 

a flip-flop having a set input terminal coupled to receive 
the start signal and a reset input terminal coupled to a 
respective output terminal of at least one of the latches 
in the series, the flip-flop generating the tristate control 
signal when the flip-flop is reset 

16. A system for coupling data through a circuit, the data 
being clocked into the circuit subsequent to a start signal 
responsive to a first clock signal in a first clock domain, and 
the data being clocked out of the circuit subsequent to the 
start signal responsive to a second clock signal in a second 
clock domain that may be different from the first clock 
domain, the system comprising: 

a phase comparator receiving signals indicative of the 
relative phase of the first and second clock domains, the 
phase comparator generating a phase signal indicative 
of whether or not the first clock domain leads the 
second clock domain; 

a state machine receiving the start signal and a clock 
signal in the first clock domain, the state machine 
generating the first clock signal at a time subsequent to 
the start signal so that the first clock signal is generated 
later when the first clock domain leads the second clock 
domain than when the first clock domain does not lead 
the second clock domain wherein the state machine 
comprises: 

a series of sequentially coupled latches that are clocked 
by the first clock signal, the first latch in the series 
being coupled to receive the start signal, and the final 
latch in the series outputting an enable signal respon- 
sive to the start signal being clocked through the 
series of latches; 

a bypass circuit coupled to receive the phase signal, the 
bypass circuit being coupled between an input ter- 
minal and an output terminal of one of the latches, 
the bypass circuit bypassing the latch responsive to 
the absence of a phase signal indicative of the first 
clock signal leading the second clock signal; and 

a logic circuit coupled to receive the first clock signal 
and the enable signal, the logic circuit having an 
output terminal on which the output clock signal is 
generated, the enable signal causing the logic circuit 
to couple the first clock signal to the output terminal 
so that the output clock signal is generated respon- 
sive to the enable signal. 

17. The system of claim 16 further comprising a flip-flop 
having a set input terminal coupled to receiving the start 
signal and a reset input terminal coupled to receive a signal 
from an output terminal of one of the latches, an output 
terminal of the flip-flop being applied to the input of the first 
latch of the series. 

18. The system of claim 16 wherein the logic circuit 
comprises: 

a synchronizing circuit coupled to receive the first clock 
signal and an output from one of the latches in the 
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series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
first clock signal subsequent to receiving a signal from 
the latch to which the synchronizing circuit is coupled 
responsive to the start signal being clocked to the latch 5 
through the series of latches; and 
a toggle circuit coupled to receive the first clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
first clock signal, the output clock signal being gener- 10 
ated at an output terminal of the toggle circuit. 

19. The system of claim 18 wherein the logic circuit 
further comprises an output latch coupled to receive the first 
clock signal and the output clock signal from the toggle 
circuit, the output latch being operative to latch the output 15 
clock signal on the output terminal of the toggle circuit 
responsive to each transition of the first clock signal. 

20. The system of claim 16 wherein the logic circuit 
further comprises: 

an output circuit having an output terminal, a signal input 20 
terminal receiving the output clock signal, and a tristate 
input terminal adapted to receive a tristate control 
signal, the output circuit being operative to place the 
output terminal at a high impedance responsive to the 
tristate control signal and to otherwise couple the signal 25 
input terminal to the output terminal; and 

a flip-flop having a set input terminal coupled to receive 
the start signal and a reset input terminal coupled to a 
respective output terminal of at least one of the latches 
in the series, the flip-flop generating the tristate control 30 
signal when the flip-flop is reset. 

21. A memory device, comprising: 

a control circuit to receive a command from an external 
source and generate control signals responsive thereto, 3S 
the control circuit including a clock generator circuit to 
receive at least one external clock signal and to gen- 
erate an internal clock signal, a read clock signal, and 
a write clock signal in which the internal clock signal, 
read clock signal, and write clock signal may be in ^ 
different clock domains, the control circuit further 
generating a read data start signal to initiate transfer of 
data from the memory device and a write data start 
signal to initiate transfer of data to the memory device; 

a memory array coupled to the control circuit, the memory 4S 
array having a plurality of memory cells to store write 
data responsive to a first input data clock signal derived 
from the internal clock signal and to output read data 
responsive to a first output data clock signal derived 
from the internal clock signal; 50 

an addressing circuit coupled to the memory array and the 
control circuit, the addressing circuit to receive 
addresses from an external source and select a memory 
cell in the memory array corresponding thereto; 

a read data path having a read register coupled to the 55 
control circuit, the read register to receive read data 
from the memory array responsive to a second input 
data clock signal derived from the read clock signal, 
and to couple the read data to an externally accessible 
terminal responsive to a second output data clock signal 60 
derived from the read clock signal, at least one of the 
data clock signals being generated subsequent to the 
read data start signal; 

a write data path having a write register coupled to the 
control circuit, the write register to receive write data 65 
from an externally accessible terminal responsive to a 
third input data clock signal derived from the write 



clock signal, and to couple the write data to the memory 
array responsive to a third output data clock signal 
derived from the internal clock signal, at least one of 
the data clock signals being generated subsequent to the 
write data start signal; and 
a coupling system for generating at least one of the data 
clock signals, the coupling system comprising: 
a phase comparator receiving signals indicative of the 
relative phase of the internal clock signal and one of 
the read and write clock signals, the phase compara- 
tor generating a phase signal indicative of whether or 
not the internal clock signal leads the one of the read 
and write clock signals; 
a state machine receiving one of the start signals, the 
internal clock signal, and one of the read or write 
clock signals, the state machine generating one of the 
data clock signals from one of the internal, read, or 
write clock signals, the data clock signal being 
generated at a time subsequent to the start signal as 
a function of whether or not the internal clock signal 
leads the read or write clock signal received by the 
state machine, wherein the state machine receives 
the read data start signal and the read clock signal 
and generates the second input data clock signal, and 
wherein the state machine generates the second input 
data clock signal at a time subsequent to the read data 
start signal time that is sooner when the internal 
clock signal leads the read clock signal than when 
the internal clock signal does not lead the read clock 
signal, and wherein the state machine comprises: 
a series of sequentially coupled latches that are 
clocked by the read clock signal, the first latch in 
the series being coupled to receive the read data 
start signal, and the final latch in the series out- 
putting an enable signal responsive to the read 
data start signal being clocked through the series 
of latches; 

a bypass circuit coupled to receive the phase signal, 
the bypass circuit being coupled between an input 
terminal and an output terminal of one of the 
latches, the bypass circuit bypassing the latch 
responsive to a phase signal indicative of the 
internal clock signal leading the read clock signal; 
and 

a logic circuit coupled to receive the read clock 
signal and the enable signal, the logic circuit 
having an output terminal on which the second 
input data clock signal is generated, the enable 
signal causing the logic circuit to couple the read 
clock signal to the output terminal so that the 
second input data clock signal is generated respon- 
sive to the enable signal. 

22. The memory device of claim 21 further comprising a 
flip-flop having a set input terminal coupled to receiving the 
read data start signal and a reset input terminal coupled to 
receive a signal from an output terminal of one of the 
latches, an output terminal of the flip-flop being applied to 
the input of the first latch of the series. 

23. The memory device of claim 21 wherein the logic 
circuit comprises: 

a synchronizing circuit coupled to receive the read clock 
signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
read clock signal subsequent to receiving a signal from 
the latch to which the synchronizing circuit is coupled 
responsive to the read data start signal being clocked to 
the latch through the series of latches; and 
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a toggle circuit coupled to receive the read clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
read clock signal, the second input data clock signal 
being generated at an output terminal of the toggle 5 
circuit. 

24. The memory device of claim 21 wherein the logic 
circuit further comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the second input data clock signal, 10 
and a tristate input terminal adapted to receive a tristate 
control signal, the output circuit being operative to 
place the output terminal at a high impedance respon- 
sive to the tristate control signal and to otherwise 
couple the signal input terminal to the output terminal; 15 
and 

a flip-flop having a set input terminal coupled to receive 
the read data start signal and a reset input terminal 
coupled to a respective output terminal of at least one 
of the latches in the series, the flip-flop generating the 20 
tristate control signal when the flip-flop is reset. 

25. A memory device, comprising: 

a control circuit to receive a command from an external 
source and generate control signals responsive thereto, 
the control circuit including a clock generator circuit to 25 
receive at least one external clock signal and to gen- 
erate an internal clock signal, a read clock signal, and 
a write clock signal in which the internal clock signal, 
read clock signal, and write clock signal may be in 
different clock domains, the control circuit further 30 
generating a read data start signal to initiate transfer of 
data from the memory device and a write data start 
signal to initiate transfer of data to the memory device; 

a memory array coupled to the control circuit, the memory 3S 
array having a plurality of memory cells to store write 
data responsive to a first input data clock signal derived 
from the internal clock signal and to output read data 
responsive to a first output data clock signal derived 
from the internal clock signal; ^ 

an addressing circuit coupled to the memory array and the 
control circuit, the addressing circuit to receive 
addresses from an external source and select a memory 
cell in the memory array corresponding thereto; 

a read data path having a read register coupled to the 45 
control circuit, the read register to receive read data 
from the memory array responsive to a second input 
data clock signal derived from the read clock signal, 
and to couple the read data to an externally accessible 
terminal responsive to a second output data clock signal 50 
derived from the read clock signal, at least one of the 
data clock signals being generated subsequent to the 
read data start signal; 

a write data path having a write register coupled to the 
control circuit, the write register to receive write data 55 
from an externally accessible terminal responsive to a 
third input data clock signal derived from the write 
clock signal, and to couple the write data to the memory 
array responsive to a third output data clock signal 
derived from the internal clock signal, at least one of 60 
the data clock signals being generated subsequent to the 
write data start signal; and 

a coupling system for generating at least one of the data 
clock signals, the coupling system comprising: 
a phase comparator receiving signals indicative of the 65 
relative phase of the internal clock signal and one of 
the read and write clock signals, the phase compara- 



tor generating a phase signal indicative of whether or 
not the internal clock signal leads the one of the read 
and write clock signals; 
a state machine receiving one of the start signals, the 
internal clock signal, and one of the read or write 
clock signals, the state machine generating one of the 
data clock signals from one of the internal, read, or 
write clock signals, the data clock signal being 
generated at a time subsequent to the start signal as 
a function of whether or not the internal clock signal 
leads the read or write clock signal received by the 
state machine, wherein the state machine receives 
the read data start signal and the internal clock signal 
and generates the first output data clock signal, and 
wherein the state machine generates the first output 
data clock signal at a time subsequent to the read data 
start signal time that is later when the internal clock 
signal leads the read clock signal than when the 
internal clock signal does not lead the read clock 
signal, wherein the state machine comprises: 
a series of sequentially coupled latches that are 
clocked by the internal clock signal, the first latch 
in the series being coupled to receive the read data 
start signal, and the final latch in the series out- 
putting an enable signal responsive to the read 
data start signal being clocked through the series 
of latches; 

a bypass circuit coupled to receive the phase signal, 
the bypass circuit being coupled between an input 
terminal and an output terminal of one of the 
latches, the bypass circuit bypassing the latch 
responsive to an absence of a phase signal indica- 
tive of the internal clock signal leading the read 
clock signal; and 

a logic circuit coupled to receive the internal clock 
signal and the enable signal, the logic circuit 
having an output terminal on which the first output 
data clock signal is generated, the enable signal 
causing the logic circuit to couple the internal 
clock signal to the output terminal so that the first 
output data clock signal is generated responsive to 
the enable signal. 

26. The memory device of claim 25 further comprising a 
flip-flop having a set input terminal coupled to receiving the 
read data start signal and a reset input terminal coupled to 
receive a signal from an output terminal of one of the 
latches, an output terminal of the flip-flop being applied to 
the input of the first latch of the series. 

27. The memory device of claim 25 wherein the logic 
circuit comprises: 

a synchronizing circuit coupled to receive the internal 
clock signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
internal clock signal subsequent to receiving a signal 
from the latch to which the synchronizing circuit is 
coupled responsive to the read data start signal being 
clocked to the latch through the series of latches; and 

a toggle circuit coupled to receive the internal clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
internal clock signal, the second input data clock signal 
being generated at an output terminal of the toggle 
circuit. 

28. The memory device of claim 25 wherein the logic 
circuit further comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the second input data clock signal, 
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and a tristate input terminal adapted to receive a tristate 
control signal, the output circuit being operative to 
place the output terminal at a high impedance respon- 
sive to the tristate control signal and to otherwise 
couple the signal input terminal to the output terminal; 5 
and 

a flip-flop having a set input terminal coupled to receive 
the read data start signal and a reset input terminal 
coupled to a respective output terminal of at least one 
of the latches in the series, the flip-flop generating the i° 
tristate control signal when the flip-flop is reset. 

29. The memory device of claim 28 wherein the logic 
circuit further comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the third output data clock signal, 15 
and a tristate input terminal adapted to receive a tristate 
control signal, the output circuit being operative to 
place the output terminal at a high impedance respon- 
sive to the tristate control signal and to otherwise 
couple the signal input terminal to the output terminal; 20 
and 

a flip-flop having a set input terminal coupled to receive 
the write data start signal and a reset input terminal 
coupled to a respective output terminal of at least one 
of the latches in the series, the flip-flop generating the 25 
tristate control signal when the flip-flop is reset. 

30. A memory device, comprising: 

a control circuit to receive a command from an external 
source and generate control signals responsive thereto, 3Q 
the control circuit including a clock generator circuit to 
receive at least one external clock signal and to gen- 
erate an internal clock signal, a read clock signal, and 
a write clock signal in which the internal clock signal, 
read clock signal, and write clock signal may be in 35 
different clock domains, the control circuit further 
generating a read data start signal to initiate transfer of 
data from the memory device and a write data start 
signal to initiate transfer of data to the memory device; 

a memory array coupled to the control circuit, the memory ^ 
array having a plurality of memory cells to store write 
data responsive to a first input data clock signal derived 
from the internal clock signal and to output read data 
responsive to a first output data clock signal derived 
from the internal clock signal; 45 

an addressing circuit coupled to the memory array and the 
control circuit, the addressing circuit to receive 
addresses from an external source and select a memory 
cell in the memory array corresponding thereto; 

a read data path having a read register coupled to the 50 
control circuit, the read register to receive read data 
from the memory array responsive to a second input 
data clock signal derived from the read clock signal, 
and to couple the read data to an externally accessible 
terminal responsive to a second output data clock signal 55 
derived from the read clock signal, at least one of the 
data clock signals being generated subsequent to the 
read data start signal; 

a write data path having a write register coupled to the 
control circuit, the write register to receive write data 60 
from an externally accessible terminal responsive to a 
third input data clock signal derived from the write 
clock signal, and to couple the write data to the memory 
array responsive to a third output data clock signal 
derived from the internal clock signal, at least one of 65 
the data clock signals being generated subsequent to the 
write data start signal; and 
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a coupling system for generating at least one of the data 
clock signals, the coupling system comprising: 
a phase comparator receiving signals indicative of the 
relative phase of the internal clock signal and one of 
the read and write clock signals, the phase compara- 
tor generating a phase signal indicative of whether or 
not the internal clock signal leads the one of the read 
and write clock signals; 
a state machine receiving one of the start signals, the 
internal clock signal, and one of the read or write 
clock signals, the state machine generating one of the 
data clock signals from one of the internal, read, or 
write clock signals, the data clock signal being 
generated at a time subsequent to the start signal as 
a function of whether or not the internal clock signal 
leads the read or write clock signal received by the 
state machine, wherein the state machine receives 
the write data start signal and the internal clock 
signal and generates the third output data clock 
signal, and wherein the state machine generates the 
third output data clock signal at a time subsequent to 
the write data start signal time that is earlier when the 
write clock signal leads the internal clock signal than 
when the write clock signal does not lead the internal 
clock signal, and wherein the state machine com- 
prises: 

a series of sequentially coupled latches that are 
clocked by the internal clock signal, the first latch 
in the series being coupled to receive the write 
data start signal, and the final latch in the series 
outputting an enable signal responsive to the write 
data start signal being clocked through the series 
of latches; 

a bypass circuit coupled to receive the phase signal, 
the bypass circuit being coupled between an input 
terminal and an output terminal of one of the 
latches, the bypass circuit bypassing the latch 
responsive to a phase signal indicative of the write 
clock signal leading the internal clock signal; and 

a logic circuit coupled to receive the internal clock 
signal and the enable signal, the logic circuit 
having an output terminal on which the third 
output data clock signal is generated, the enable 
signal causing the logic circuit to couple the 
internal clock signal to the output terminal so that 
the third output data clock signal is generated 
responsive to the enable signal. 

31. The memory device of claim 30 further comprising a 
flip-Sop having a set input terminal coupled to receiving the 
write data start signal and a reset input terminal coupled to 
receive a signal from an output terminal of one of the 
latches, an output terminal of the flip-flop being applied to 
the input of the first latch of the series. 

32. The memory device of claim 30 wherein the logic 
circuit comprises: 

a synchronizing circuit coupled to receive the internal 
clock signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
internal clock signal subsequent to receiving a signal 
from the latch to which the synchronizing circuit is 
coupled responsive to the write data start signal being 
clocked to the latch through the series of latches; and 

a toggle circuit coupled to receive the internal clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
internal clock signal, the third output data clock signal 
being generated at an output terminal of the toggle 
circuit. 
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33. A memory device, comprising: 
a control circuit to receive a command from an external 
source and generate control signals responsive thereto, 
the control circuit including a clock generator circuit to 
receive at least one external clock signal and to gen- 5 
erate an internal clock signal, a read clock signal, and 
a write clock signal in which the internal clock signal, 
read clock signal, and write clock signal may be in 
different clock domains, the control circuit further 
generating a read data start signal to initiate transfer of 10 
data from the memory device and a write data start 
signal to initiate transfer of data to the memory device; 
a memory array coupled to the control circuit, the memory 
array having a plurality of memory cells to store write 
data responsive to a first input data clock signal derived 15 
from the internal clock signal and to output read data 
responsive to a first output data clock signal derived 
from the internal clock signal; 
an addressing circuit coupled to the memory array and the 
control circuit, the addressing circuit to receive 20 
addresses from an external source and select a memory 
cell in the memory array corresponding thereto; 
a read data path having a read register coupled to the 
control circuit, the read register to receive read data 
from the memory array responsive to a second input 2s 
data clock signal derived from the read clock signal, 
and to couple the read data to an externally accessible 
terminal responsive to a second output data clock signal 
derived from the read clock signal, at least one of the 
data clock signals being generated subsequent to the 30 
read data start signal; 
a write data path having a write register coupled to the 
control circuit, the write register to receive write data 
from an externally accessible terminal responsive to a 
third input data clock signal derived from the write 35 
clock signal, and to couple the write data to the memory 
array responsive to a third output data clock signal 
derived from the internal clock signal, at least one of 
the data clock signals being generated subsequent to the 
write data start signal; and 40 
a coupling system for generating at least one of the data 
clock signals, the coupling system comprising: 
a phase comparator receiving signals indicative of the 
relative phase of the internal clock signal and one of 
the read and write clock signals, the phase com para- 45 
tor generating a phase signal indicative of whether or 
not the internal clock signal leads the one of the read 
and write clock signals; 
a state machine receiving one of the start signals, the 
internal clock signal, and one of the read or write 50 
clock signals, the state machine generating one of the 
data clock signals from one of the internal, read, or 
write clock signals, the data clock signal being 
generated at a time subsequent to the start signal as 
a function of whether or not the internal clock signal 55 
leads the read or write clock signal received by the 
state machine, wherein the state machine receives 
the write data start signal and the write clock signal 
and generates the third input data clock signal, and 
wherein the state machine generates the third input 60 
data clock signal at a time subsequent to the write 
data start signal time that is later when the write 
clock leads the internal clock signal than when the 
write clock signal does not lead the internal clock 
signal, and wherein the state machine comprises: 65 
a series of sequentially coupled latches that are 
clocked by the write clock signal, the first latch in 
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the series being coupled to receive the write data 
start signal, and the final latch in the series out- 
putting an enable signal responsive to the write 
data start signal being clocked through the series 
of latches; 

a bypass circuit coupled to receive the phase signal, 
the bypass circuit being coupled between an input 
terminal and an output terminal of one of the 
latches, the bypass circuit bypassing the latch 
responsive to an absence of the phase signal 
indicative of the write clock signal leading the 
internal clock signal; and 

a logic circuit coupled to receive the write clock 
signal and the enable signal, the logic circuit 
having an output terminal on which the third input 
data clock signal is generated, the enable signal 
causing the logic circuit to couple the write clock 
signal to the output terminal so that the third input 
data clock signal is generated responsive to the 
enable signal. 

34. The memory device of claim 33 further comprising a 
flip-flop having a set input terminal coupled to receiving the 
write data start signal and a reset input terminal coupled to 
receive a signal from an output terminal of one of the 
latches, an output terminal of the flip-flop being applied to 
the input of the first latch of the series. 

35. The memory device of claim 33 wherein the logic 
circuit comprises: 

a synchronizing circuit coupled to receive the write clock 
signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
write clock signal subsequent to receiving a signal from 
the latch to which the synchronizing circuit is coupled 
responsive to the write data start signal being clocked 
to the latch through the series of latches; and 

a toggle circuit coupled to receive the write clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
write clock signal, the third input data clock signal 
being generated at an output terminal of tbe toggle 
circuit. 

36. The memory device of claim 33 wherein the logic 
circuit further comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the third input data clock signal, and 
a tristate input terminal adapted to receive a tristate 
control signal, the output circuit being operative to 
place the output terminal at a high impedance respon- 
sive to the tristate control signal and to otherwise 
couple the signal input terminal to the output terminal; 
and 

a flip-flop having a set input terminal coupled to receive 
the write data start signal and a reset input terminal 
coupled to a respective output terminal of at least one 
of the latches in the series, the flip-flop generating the 
tristate control signal when the flip-flop is reset. 

37. A computer system, comprising: 
a processor having a processor bus; 

an input device coupled to the processor through the 

processor bus and to allow data to be entered into the 

computer system; 
an output device coupled to the processor through the 

processor bus to allow data to be output from the 

computer system; 
a memory controller coupled to the processor through the 

processor bus; and 
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i memory device coupled to the processor through the 
processor bus, comprising: 

a control circuit to receive a command from an external 
source and generate control signals responsive 
thereto, the control circuit including a clock genera- 5 
tor circuit to receive at least one external clock signal 
and to generate an internal clock signal, a read clock 
signal, and a write clock signal in which the internal 
clock signal, read clock signal, and write clock signal 
may be in different clock domains, the control circuit 
further generating a read data start signal to initiate 
transfer of data from the memory device and a write 
data start signal to initiate transfer of data to the 
memory device; 
a memory array coupled to the control circuit, the 
memory array having a plurality of memory cells to 15 
store write data responsive to a first input data clock 
signal derived from the internal clock signal and to 
output read data responsive to a first output data 
clock signal derived from the internal clock signal; 
an addressing circuit coupled to the memory array and 20 
the control circuit, the addressing circuit to receive 
addresses from an external source and select a 
memory cell in the memory array corresponding 
thereto; a read data path having a read register 
coupled to the control circuit, the read register to 25 
receive read data from the memory array responsive 
to a second input data clock signal derived from the 
read clock signal, and to couple the read data to an 
externally accessible terminal responsive to a second 
output data clock signal derived from the read clock 30 
signal, at least one of the data clock signals being 
generated subsequent to the read data start signal; 
a write data path having a write register coupled to the 
control circuit, the write register to receive write data 
from an externally accessible terminal responsive to 35 
a third input data clock signal derived from the write 
clock signal, and to couple the write data to the 
memory array responsive to a third output data clock 
signal derived from the internal clock signal, at least 
one of the data clock signals being generated sub- 40 
sequent to the write data start signal; and 
a coupling system for generating at least one of the data 
clock signals, the coupling system comprising: 
a phase comparator receiving signals indicative of 
the relative phase of the internal clock signal and 45 
one of the read and write clock signals, the phase 
comparator generating a phase signal indicative of 
whether or not the internal clock signal leads the 
one of the read and write clock signals; 
a state machine receiving one of the start signals, the 50 
internal clock signal, and one of the read or write 
clock signals, the state machine generating one of 
the data clock signals from one of the internal, 
read, or write clock signals, the data clock signal 
being generated at a time subsequent to the start 55 
signal as a function of whether or not the internal 
clock signal leads the read or write clock signal 
received by the state machine, wherein the state 
machine receives the read data start signal and the 
read clock signal and generates the second input 60 
data clock signal, and wherein the state machine 
generates the second input data clock signal at a 
time subsequent to the read data start signal time 
that is sooner when the internal clock signal leads 
the read clock signal than when the internal clock 65 
signal does not lead the read clock signal, and 
wherein the state machine comprises: 



a series of sequentially coupled latches that are 
clocked by the read clock signal, the first latch 
in the series being coupled to receive the read 
data start signal, and the final latch in the series 
outputting an enable signal responsive to the 
read data start signal being clocked through the 
series of latches; 

a bypass circuit coupled to receive the phase 
signal, the bypass circuit being coupled 
between an input terminal and an output ter- 
minal of one of the latches, the bypass circuit 
bypassing the latch responsive to a phase sig- 
nal indicative of the internal clock signal lead- 
ing the read clock signal; and 

a logic circuit coupled to receive the read clock 
signal and the enable signal, the logic circuit 
having an output tenninal on which the second 
input data clock signal is generated, the enable 
signal causing the logic circuit to couple the 
read clock signal to the output terminal so that 
the second input data clock signal is generated 
responsive to the enable signal. 

38. The computer system of claim 37 further comprising 
a flip-flop having a set input terminal coupled to receiving 
the read data start signal and a reset input terminal coupled 
to receive a signal from an output terminal of one of the 
latches, an output terminal of the flip-flop being applied to 
the input of the first latch of the series. 

39. The computer system of claim 37 wherein the logic 
circuit comprises: 

a synchronizing circuit coupled to receive the read clock 
signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
read clock signal subsequent to receiving a signal from 
the latch to which the synchronizing circuit is coupled 
responsive to the read data start signal being clocked to 
the latch through the series of latches; and 

a toggle circuit coupled to receive the read clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
read clock signal, the second input data clock signal 
being generated at an output terminal of the toggle 
circuit. 

40. The computer system of claim 37 wherein the logic 
circuit further comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the second input data clock signal, 
and a tristate input terminal adapted to receive a tristate 
control signal, the output circuit being operative to 
place the output terminal at a high impedance respon- 
sive to the tristate control signal and to otherwise 
couple the signal input terminal to the output terminal; 
and 

a flip-flop having a set input terminal coupled to receive 
the read data start signal and a reset input terminal 
coupled to a respective output terminal of at least one 
of the latches in the series, the flip-flop generating the 
tristate control signal when the flip-flop is reset. 

41. A computer system, comprising: 
a processor having a processor bus; 

an input device coupled to the processor through the 

processor bus and to allow data to be entered into the 

computer system; 
an output device coupled to the processor through the 

processor bus to allow data to be output from the 

computer system; 
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memory controller coupled to the processor through the 
processor bus; and 

memory device coupled to the processor through the 
processor bus, comprising: 

a control circuit to receive a command from an external 5 
source and generate control signals responsive 
thereto, the control circuit including a clock genera- 
tor circuit to receive at least one external clock signal 
and to generate an internal clock signal, a read clock 
signal, and a write clock signal in which the internal 10 
clock signal, read clock signal, and write clock signal 
may be in different clock domains, the control circuit 
further generating a read data start signal to initiate 
transfer of data from the memory device and a write 
data start signal to initiate transfer of data to the 15 
memory device; 

a memory array coupled to the control circuit, the 
memory array having a plurality of memory cells to 
store write data responsive to a first input data clock 
signal derived from the internal clock signal and to 20 
output read data responsive to a first output data 
clock signal derived from the internal clock signal; 

an addressing circuit coupled to the memory array and 
the control circuit, the addressing circuit to receive 
addresses from an external source and select a 25 
memory cell in the memory array corresponding 
thereto; 

a read data path having a read register coupled to the 
control circuit, the read register to receive read data 
from the memory array responsive to a second input 30 
data clock signal derived from the read clock signal, 
and to couple the read data to an externally acces- 
sible terminal responsive to a second output data 
clock signal derived from the read clock signal, at 
least one of the data clock signals being generated 35 
subsequent to the read data start signal; 
a write data path having a write register coupled to the 
control circuit, the write register to receive write data 
from an externally accessible terminal responsive to 
a third input data clock signal derived from the write 40 
clock signal, and to couple the write data to the 
memory array responsive to a third output data clock 
signal derived from the internal clock signal, at least 
one of the data clock signals being generated sub- 
sequent to the write data start signal; and 45 
a coupling system for generating at least one of the data 
clock signals, the coupling system comprising: 
a phase comparator receiving signals indicative of 
the relative phase of the internal clock signal and 
one of the read and write clock signals, the phase 50 
comparator generating a phase signal indicative of 
whether or not the internal clock signal leads the 
one of the read and write clock signals; 
a state machine receiving one of the start signals, the 
internal clock signal, and one of the read or write 55 
clock signals, the state machine generating one of 
the data clock signals from one of the internal, 
read, or write clock signals, the data clock signal 
being generated at a time subsequent to the start 
signal as a function of whether or not the internal 60 
clock signal leads the read or write clock signal 
received by the state machine, wherein the state 
machine receives the read data start signal and the 
internal clock signal and generates the first output 
data clock signal, and wherein the state machine 65 
generates the first output data clock signal at a 
time subsequent to the read data start signal time 
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that is later when the internal clock signal leads 
the read clock signal than when the internal clock 
signal does not lead the read clock signal, and 
wherein the state machine comprises: 
a series of sequentially coupled latches that are 
clocked by the internal clock signal, the first 
latch in the series being coupled to receive the 
read data start signal, and the final latch in the 
series outputting an enable signal responsive to 
the read data start signal being clocked through 
the series of latches; 
a bypass circuit coupled to receive the phase 
signal, the bypass circuit being coupled 
between an input terminal and an output ter- 
minal of one of the latches, the bypass circuit 
bypassing the latch responsive to the absence 
of a phase signal indicative of the internal 
clock signal leading the read clock signal; and 
a logic circuit coupled to receive the internal 
clock signal and the enable signal, the logic 
circuit having an output terminal on which the 
first output data clock signal is generated, the 
enable signal causing the logic circuit to couple 
the internal clock signal to the output terminal 
so that the first output data clock signal is 
generated responsive to the enable signal. 

42. The computer system of claim 41 further comprising 
a flip-flop having a set input terminal coupled to receiving 
the read data start signal and a reset input terminal coupled 
to receive a signal from an output terminal of one of the 
latches, an output terminal of the flip-flop being applied to 
the input of the first latch of the series. 

43. The computer system of claim 41 wherein the logic 
circuit comprises: 

a synchronizing circuit coupled to receive the internal 
clock signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
internal clock signal subsequent to receiving a signal 
from the latch to which the synchronizing circuit is 
coupled responsive to the read data start signal being 
clocked to the latch through the series of latches; and 
a toggle circuit coupled to receive the internal clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
internal clock signal, the second input data clock signal 
being generated at an output terminal of the toggle 
circuit. 

44. The computer system of claim 41 wherein the logic 
circuit further comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the second input data clock signal, 
and a tristate input terminal adapted to receive a tristate 
control signal, the output circuit being operative to 
place the output terminal at a high impedance respon- 
sive to the tristate control signal and to otherwise 
couple the signal input terminal to the output terminal; 
and 

a flip-flop having a set input terminal coupled to receive 
the read data start signal and a reset input terminal 
coupled to a respective output terminal of at least one 
of the latches in the scries, the flip-flop generating the 
tristate control signal when the flip-flop is reset. 

45. A computer system, comprising: 
a processor having a processor bus; 
an input device coupled to the processor through the 

processor bus and to allow data to be entered into the 
computer system; 
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q output device coupled to the processor through the 
processor bus to allow data to be output from the 
computer system; 

memory controller coupled to the processor through the 
processor bus; and 5 
memory device coupled to the processor through the 
processor bus, comprising: 

a control circuit to receive a command from an external 
source and generate control signals responsive 
thereto, the control circuit including a clock genera- 10 
tor circuit to receive at least one external clock signal 
and to generate an internal clock signal, a read clock 
signal, and a write clock signal in which the internal 
clock signal, read clock signal, and write clock signal 
may be in different clock domains, the control circuit 15 
further generating a read data start signal to initiate 
transfer of data from the memory device and a write 
data start signal to initiate transfer of data to the 
memory device; 
a memory array coupled to the control circuit, the 20 
memory array having a plurality of memory cells to 
store write data responsive to a first input data clock 
signal derived from the internal clock signal and to 
output read data responsive to a first output data 
clock signal derived from the internal clock signal; 25 
an addressing circuit coupled to the memory array and 
the control circuit, the addressing circuit to receive 
addresses from an external source and select a 
memory cell in the memory array corresponding 
thereto; 30 
a read data path having a read register coupled to the 
control circuit, the read register to receive read data 
from the memory array responsive to a second input 
data clock signal derived from the read clock signal, 
and to couple the read data to an externally acces- 35 
sible terminal responsive to a second output data 
clock signal derived from the read clock signal, at 
least one of the data clock signals being generated 
subsequent to the read data start signal; 
a write data path having a write register coupled to the 40 
control circuit, the write register to receive write data 
from an externally accessible terminal responsive to 
a third input data clock signal derived from the write 
clock signal, and to couple the write data to the 
memory array responsive to a third output data clock 45 
signal derived from the internal clock signal, at least 
one of the data clock signals being generated sub- 
sequent to the write data start signal; and 
a coupling system for generating at least one of the data 
clock signals, the coupling system comprising: 50 
a phase comparator receiving signals indicative of 
the relative phase of the internal clock signal and 
one of the read and write clock signals, the phase 
comparator generating a phase signal indicative of 
whether or not the internal clock signal leads the 55 
one of the read and write clock signals; 
a state machine receiving one of the start signals, the 
internal clock signal, and one of the read or write 
clock signals, the state machine generating one of 
the data clock signals from one of the internal, 60 
read, or write clock signals, the data clock signal 
being generated at a time subsequent to the start 
signal as a function of whether or not the internal 
clock signal leads the read or write clock signal 
received by the state machine, wherein the state 65 
machine receives the write data start signal and the 
internal clock signal and generates the third output 



data clock signal, and wherein the state machine 
generates the third output data clock signal at a 
time subsequent to the write data start signal time 
that is earlier when the write clock signal leads the 
internal clock signal than when the write clock 
signal does not lead the internal clock signal, and 
wherein the state machine comprises: 
a series of sequentially coupled latches that are 
clocked by the internal clock signal, the first 
latch in the series being coupled to receive the 
write data start signal, and the final latch in the 
series outputting an enable signal responsive to 
the write data start signal being clocked 
through the series of latches; 
a bypass circuit coupled to receive the phase 
signal, the bypass circuit being coupled 
between an input terminal and an output ter- 
minal of one of the latches, the bypass circuit 
bypassing the latch responsive to a phase sig- 
nal indicative of the write cbek signal leading 
the internal clock signal; and 
a logic circuit coupled to receive the internal 
clock signal and the enable signal, the logic 
circuit having an output terminal on which the 
third output data clock signal is generated, the 
enable signal causing the logic circuit to couple 
the internal clock signal to the output terminal 
so that the third output data clock signal is 
generated responsive to the enable signal. 

46. The computer system of claim 45 further comprising 
a flip-flop having a set input terminal coupled to receiving 
the write data start signal and a reset input terminal coupled 
to receive a signal from an output terminal of one of the 
latches, an output terminal of the flip-flop being applied to 
the input of the first latch of the series. 

47. The computer system of claim 45 wherein the logic 
circuit comprises: 

a synchronizing circuit coupled to receive the internal 
clock signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
internal clock signal subsequent to receiving a signal 
from the latch to which the synchronizing circuit is 
coupled responsive to the write data start signal being 
clocked to the latch through the series of latches; and 

a toggle circuit coupled to receive the internal clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
internal clock signal, the third output data clock signal 
being generated at an output terminal of the toggle 
circuit. 

48. The computer system of claim 45 wherein the logic 
circuit further comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the third output data clock signal, 
and a tristate input terminal adapted to receive a tristate 
control signal, the output circuit being operative to 
place the output terminal at a high impedance respon- 
sive to the tristate control signal and to otherwise 
couple the signal input terminal to the output terminal; 
and 

a flip-flop having a set input terminal coupled to receive 
the write data start signal and a reset input terminal 
coupled to a respective output terminal of at least one 
of the latches in the series, the flip-flop generating the 
tristate control signal when the flip-flop is reset. 
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49. A computer system, comprising: 
a processor having a processor bus; 
an input device coupled to the processor through the 

processor bus and to allow data to be entered into the 

computer system; 5 
an output device coupled to the processor through the 

processor bus to allow data to be output from the 

computer system; 
a memory controller coupled to the processor through the 10 

processor bus; and 
a memory device coupled to the processor through the 

processor bus, comprising: 

a control circuit to receive a command from an external 
source and generate control signals responsive 15 
thereto, the control circuit including a clock genera- 
tor circuit to receive at least one external clock signal 
and to generate an internal clock signal, a read clock 
signal, and a write clock signal in which the internal 
clock signal, read clock signal, and write clock signal 20 
may be in different clock domains, the control circuit 
farther generating a read data start signal to initiate 
transfer of data from the memory device and a write 
data start signal to initiate transfer of data to the 
memory device; 25 

a memory array coupled to the control circuit, the 
memory array having a plurality of memory cells to 
store write data responsive to a first input data clock 
signal derived from the internal clock signal and to 
output read data responsive to a first output data 30 
clock signal derived from the internal clock signal; 

an addressing circuit coupled to the memory array and 
the control circuit, the addressing circuit to receive 
addresses from an external source and select a 
memory cell in the memory array corresponding 35 
thereto; 

a read data path having a read register coupled to the 
control circuit, the read register to receive read data 
from the memory array responsive to a second input 
data clock signal derived from the read clock signal, 40 
and to couple the read data to an externally acces- 
sible terminal responsive to a second output data 
clock signal derived from the read clock signal, at 
least one of the data clock signals being generated 
subsequent to the read data start signal; 45 
a write data path having a write register coupled to the 
control circuit, the write register to receive write data 
from an externally accessible terminal responsive to 
a third input data clock signal derived from the write 
clock signal, and to couple the write data to the 50 
memory array responsive to a third output data clock 
signal derived from the internal clock signal, at least 
one of the data clock signals being generated sub- 
sequent to the write data start signal; and 
a coupling system for generating at least one of the data 55 
clock signals, the coupling system comprising: 
a phase comparator receiving signals indicative of 
the relative phase of the internal clock signal and 
one of the read and write clock signals, the phase 
comparator generating a phase signal indicative of 60 
whether or not the internal clock signal leads the 
one of the read and write clock signals; 
a state machine receiving one of the start signals, the 
internal clock signal, and one of the read or write 
clock signals, the state machine generating one of 65 
the data clock signals from one of the internal, 
read, or write clock signals, the data clock signal 



being generated at a time subsequent to the start 
signal as a function of whether or not the internal 
clock signal leads the read or write clock signal 
received by the state machine, wherein the state 
machine receives the write data start signal and the 
write clock signal and generates the third input 
data clock signal, and wherein the state machine 
generates the third input data clock signal at a time 
subsequent to the write data start signal time that 
is later when the write clock leads the internal 
clock signal than when the write clock signal does 
not lead the internal clock signal, and wherein the 
state machine comprises: 
a series of sequentially coupled latches that are 
clocked by the write clock signal, the first latch 
in the series being coupled to receive the write 
data start signal, and the final latch in the series 
outputting an enable signal responsive to the 
write data start signal being clocked through 
the series of latches; 
a bypass circuit coupled to receive the phase 
signal, the bypass circuit being coupled 
between an input terminal and an output ter- 
minal of one of the latches, the bypass circuit 
bypassing the latch responsive to an absence of 
the phase signal indicative of the write clock 
signal leading the internal clock signal; and 
a logic circuit coupled to receive the write clock 
signal and the enable signal, the logic circuit 
having an output terminal on which the third 
input data clock signal is generated, the enable 
signal causing the logic circuit to couple the 
write clock signal to the output terminal so that 
the third input data clock signal is generated 
responsive to the enable signal. 

50. The computer system of claim 49 further comprising 
a flip-flop having a set input terminal coupled to receiving 
the write data start signal and a reset input terminal coupled 
to receive a signal from an output terminal of one of the 
latches, an output terminal of the flip-flop being applied to 
the input of the first latch of the series. 

51. The computer system of claim 49 wherein the logic 
circuit comprises: 

a synchronizing circuit coupled to receive the write clock 
signal and an output from one of the latches in the 
series, the synchronizing circuit being operative to 
generate an enable clock signal on a transition of the 
write clock signal subsequent to receiving a signal from 
the latch to which the synchronizing circuit is coupled 
responsive to the write data start signal being clocked 
to the latch through the series of latches; and 

a toggle circuit coupled to receive the write clock signal 
and the clock enable signal, the toggle circuit being 
operative to toggle responsive to each transition of the 
write clock signal, the third input data clock signal 
being generated at an output terminal of the toggle 
circuit. 

52. The computer system of claim 49 wherein the logic 
circuit further comprises: 

an output circuit having an output terminal, a signal input 
terminal receiving the third input data clock signal, and 
a tristate input terminal adapted to receive a tristate 
control signal, the output circuit being operative to 
place the output terminal at a high impedance respon- 
sive to the tristate control signal and to otherwise 
couple the signal input terminal to the output terminal; 
and 



07/07/2004, EAST Version: 1.4.1 



US 6,434,684 Bl 



33 



34 



a flip-flop having a set input terminal coupled to receive 
the write data start signal and a reset input terminal 
coupled to a respective output terminal of at least one 
of the latches in the series, the flip-flop generating the 
tristatc control signal when the flip-flop is reset. 5 

53. A method of coupling a signal through a circuit 
responsive to a start signal, comprising: 

generating the start signal; 

clocking the signal into the circuit using a first clock 
signal operating in a first clock domain, the signal being 10 
clocked into the circuit a first number of transitions of 
the first clock signal after start signal; 

clocking the signal out of the circuit using a second clock 
signal operating in a second clock domain, the signal 
being clocked out of the circuit a second number of 15 
transitions of the second clock signal after start signal; 

determining whether the first clock signal leads the sec- 
ond clock signal; and 

altering either the first number of transitions or the second 2Q 
number of transitions depending on whether or not the 
first clock signal leads the second clock signal, wherein 
the act of altering the second number of transitions 
comprises: 

coupling a predetermined logic level through a series of ^ 
latches responsive to a clock signal that is synchro- 
nized to the second clock signal; 

generating the second clock signal after the logic level 
has been clocked through a first plurality of latches; 

terminating the second clock signal after the logic level 3Q 
has been clocked through a second plurality of 
latches that is greater in number than the first plu- 
rality of latches; and 

increasing the first and second plurality of latches by 
one if the first clock signal does not lead the second 35 
clock signal. 

54. In a packetized dynamic random access memory 
("DRAM*') having a plurality of memory arrays from which 
read data is output responsive to an internal clock signal 
operating in one clock domain, the packetized DRAM ^ 
further including a read buffer coupled to the memory arrays 

to which read data is transferred responsive to a data clock 
signal operating in a different clock domain, a method of 
transferring the read data from the memory arrays to the read 
buffer, comprising: 45 
clocking the read data out of the memory arrays respon- 
sive to the internal clock signal; 
clocking the read data into the read buffer responsive to 

the data clock signal; 
determining whether the internal clock signal leads the so 

data clock signal; and 
adjusting a delay period between clocking the read data 
out of the memory arrays and clocking the read data 
into the read buffer, the delay period when the internal 
clock signal leads the data clock signal being shorter 55 
than when the internal clock signal does not lead the 
data clock signal, wherein the act of adjusting the delay 
period between clocking the read data out of the 
memory arrays and clocking the read data into the read 
buffer, comprises: 60 
clocking the read data into the read buffer responsive to 
each transition of the data clock signal after a first 
predetermined number of data clock signal transi- 
tions have occurred if the internal clock signal leads 
the data clock signal; and 65 
clocking the read data into the read buffer responsive to 
each transition of the data clock signal after a second 



predetermined number of data clock signal transi- 
tions have occurred if the internal clock signal does 
not lead the data clock signal, the second predeter- 
mined number of data clock signal transitions being 
greater than the first predetermined number of data 
clock signal transitions. 

55. In a packetized dynamic random access memory 
("DRAM") having a read buffer into which read data is 
clocked responsive to a data clock signal operating in one 
clock domain and out of which read data is clocked respon- 
sive to a read clock signal operating in a different clock 
domain, a method of transferring the read data through the 
read buffer, comprising: 

clocking the read data into the read buffer responsive to 

the data clock signal; 
clocking the read out of the read buffer responsive to the 

read clock signal; 
determining whether the data clock signal leads the read 

clock signal; and 
adjusting a delay period between clocking the read data 
into the read buffer and clocking the read data out of the 
read buffer, the delay period when the data clock signal 
leads the read clock signal being shorter than when the 
data clock signal does not lead the read clock signal, 
wherein the act of adjusting the delay period between 
clocking the read data into the read buffer and clocking 
the read data out of the read buffer, comprises: 
clocking the read data into the read buffer responsive to 
each transition of the data clock signal after a first 
predetermined number of data clock signal transi- 
tions have occurred if the data clock signal leads the 
read clock signal; and 
clocking the read data into the read buffer responsive to 
each transition of the data clock signal after a second 
predetermined number of data clock signal transi- 
tions have occurred if the data clock signal does not 
lead the read clock signal, the second predetermined 
number of data clock signal transitions being smaller 
than the first predetermined number of data clock 
signal transitions. 

56. The method of claim 55 wherein the act of adjusting 
the delay period between clocking the read data into the read 
buffer and clocking the read data out of the read buffer, 
comprises: 

clocking the read data out of the read buffer responsive to 
each transition of the read clock signal after a first 
predetermined number of read clock signal transitions 
have occurred if the data clock signal leads the read 
clock signal; and 

clocking the read data out of the read buffer responsive to 
each transition of the read clock signal after a second 
predetermined number of read clock signal transitions 
have occurred if the data clock signal does not lead the 
read clock signal, the second predetermined number of 
read clock signal transitions being greater than the first 
predetermined number of read clock signal transitions. 

57. In a packetized dynamic random access memory 
("DRAM") having a write buffer into which write data is 
clocked responsive to a first clock signal operating in one 
clock domain and out of which write data is clocked 
responsive to a write clock signal operating in a different 
clock domain, a method of transferring the write data 
through the write buffer, comprising: 

clocking the write data into the write buffer responsive to 

the first clock signal; 
clocking the write out of the write buffer responsive to the 

write clock signal; 
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determining whether the first clock signal leads the write 
clock signal; and 

adjusting a delay period between clocking the write data 
into the write buffer and clocking the write data out of 
the write buffer, the delay period when the first clock 5 
signal leads the write clock signal being shorter than 
when the first clock signal does not lead the write clock 
signal, wherein tbe act of adjusting the delay period 
between clocking the write data into the write buffer 
and clocking the write data out of the write buffer, 10 
comprises: 

clocking the write data into the write buffer responsive 
to each transition of the first clock signal after a first 
predetermined number of first clock signal transi- 
tions have occurred if the first clock signal leads the 15 
write clock signal; and 
clocking the write data into the write buffer responsive to 
each transition of the first clock signal after a second 
predetermined number of first clock signal transitions 
have occurred if the first clock signal does not lead the 20 
write clock signal, the second predetermined number of 
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first clock signal transitions being smaller than the first 
predetermined number of first clock signal transitions. 
58. The method of claim 57 wherein the act of adjusting 
the delay period between clocking the write data into the 
write buffer and clocking the write data out of the write 
buffer, comprises: 

clocking the write data out of the write buffer responsive 
to each transition of the write clock signal after a first 
predetermined number of write clock signal transitions 
have occurred if the first clock signal leads the write 
clock signal; and 
clocking the write data out of the write buffer responsive 
to each transition of the write clock signal after a 
second predetermined number of write clock signal 
transitions have occurred if the first clock signal does 
not lead the write clock signal, the second predeter- 
mined number of write clock signal transitions being 
greater than the first predetermined number of write 
clock signal transitions. 

***** 
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